Three separate epidemics occurred in caiman lizards (Dracaena guianensis) that were imported into the USA from Peru in late 1998 and early 1999. Histologic evaluation of tissues from necropsied lizards demonstrated a proliferative pneumonia. Electron microscopic examination of lung tissue revealed a virus that was consistent with members of the family Paramyxoviridae. Using a rabbit polyclonal antibody against an isolate of ophidian (snake) paramyxovirus, an immunoperoxidase staining technique demonstrated immunoreactivity within pulmonary epithelial cells of 1 lizard. Homogenates of lung, brain, liver, or kidney from affected lizards were placed in flasks containing monolayers of either terrapene heart cells or viper heart cells. Five to 10 days later, syncytial cells formed. When Vero cells were inoculated with supernatant of infected terrapene heart cells, similar syncytial cells developed. Electron microscopic evaluation of infected terrapene heart cells revealed intracytoplasmic inclusions consisting of nucleocapsid strands. Using negative-staining electron microscopy, abundant filamentous nucleocapsid material with a herringbone structure typical of the Paramyxoviridae was observed in culture medium of infected viper heart cells. Seven months following the initial epizootic, blood samples were collected from surviving group 1 lizards, and a hemagglutination inhibition assay was performed to determine presence of specific antibody against the caiman lizard isolate. Of the 17 lizards sampled, 7 had titers of Յ1:20 and 10 had titers of Ͼ1:20 and Յ1:80. This report is only the second of a paramyxovirus identified in a lizard and is the first to snow the relationship between histologic and ultrastructural findings and virus isolation.
Viruses in the family Paramyxoviridae are known to infect and cause disease in a variety of snakes. The first report in 1975 was of a die-off of vipers (Bothrops moojeni) in a serpentarium in Switzerland, 5, 6 and since that time multiple virus isolates have been obtained from captive snakes in Germany and the United States. [2] [3] [4] [10] [11] [12] [13] 17, 18 This group of viruses has been collectively called ophidian (snake) paramyxoviruses (OPMVs). 13 Transmission studies in Aruba Island rattlesnakes (Crotalus unicolor) demonstrated a causal relationship between a proliferative pneumonia seen in snakes and an Aruba Island rattlesnake isolate of OPMV. 10 Recent comparative analyses of partial gene sequences for the large (L) protein and hemagglutininneuraminidase (HN) protein of 16 reptilian paramyxoviruses recovered from multiple species of snakes from different families indicated that there were at least 2 Received for publication February 15, 2000. distinct subgroups of isolates and several intermediate isolates. 1 The results of this work indicate that reptilian paramyxoviruses do not have a narrow reptilian host range. Although OPMVs are well known, there is scant information on paramyxovirus infection in lizards. A paramyxo-like virus was isolated from a false tegu (Callapistes maculatus) (Ahne W, et al.: 1991, Int Colloq Pathol Med Reptiles Amphib 4:30-31). Based upon partial L and HN gene sequences, this virus was considered to be within an intermediate group when comparisons were made with 16 snake isolates. 1 No gross or histologic findings were presented for the infected lizard. In contrast with snakes, the role of paramyxoviruses in diseases of lizards is unknown.
Caiman lizards (Dracenea spp.) are semiaquatic lizards of the family Tiedae. They range from Surinam to Peru and have a unique feeding preference for snails. For the first time, groups of caiman lizards (D. guianensis) from Peru were imported into the USA in the winter of 1998-1999. This report documents the isolation of a paramyxovirus from 3 colonies of caiman lizards experiencing epidemic proliferative pneumonia. This is the first report linking a paramyxovirus to an epidemic in a group of lizards.
Materials and methods
History. Three separate epidemics (I, II, and III) occurred in caiman lizards imported by reptile dealers in Florida, Cal-ifornia, and New England. In epidemic I, 50 adult caiman lizards were imported from Peru in November 1998 by a reptile dealer in southern Florida. A private breeder of reptiles in southern Florida purchased 10 animals when the shipment arrived and placed them in an outdoor pen at his facility. This breeder purchased another 10 lizards 2 wk later from the same shipment and placed them with his previously purchased group of lizards (group IA). One animal from the first purchase and 2 animals from the second purchase died within 3 wk. No necropsies were performed. At 7 mo following the deaths, the 17 other lizards were still alive.
Approximately 5 wk after the initial purchases, another 30 caiman lizards (group IB) were purchased from the same importer and transferred to the property of the same reptile breeder. These lizards were maintained separately from group IA lizards. The 30 caiman lizards originated from several shipments, including lizards remaining from the original November 1998 shipment. After arrival, group IB lizards started dying, and over a 4-5 wk period after purchase, all but 2 group IB lizards died. One of these 2 lizards (lizard 1) exhibiting clinical signs of depression, anorexia, muscle wasting, and possibly respiratory distress was sent to the College of Veterinary Medicine, University of Florida, for pathologic evaluation. The reptile breeder removed the remaining group IB caiman lizard from his property and kept the group IA lizards in quarantine.
Epidemic II involved a group of caiman lizards imported from Peru in late 1998 by a reptile dealer in southern California. Two adult female caiman lizards (lizards 2 and 3) were later transferred to a second reptile dealer prior to donation to the San Diego Zoo in late January 1999. On arrival, the lizards were in poor body condition and dehydrated; history obtained from the dealer indicated that they had been anorexic for approximately 3 wk. Lizard 2 was found dead 5 days after arrival. Lizard 3 was persistently anorexic and died 16 days after arrival. Twelve other caiman lizards obtained from either the same reptile dealership (n ϭ 2) or directly from suppliers in Peru (n ϭ 10) in late 1998 and early 1999 and housed separately remained healthy.
In epidemic III, in late April 1999, 2 adult caiman lizards (lizards 4 and 5) were acquired by the National Aquarium (Baltimore, MD) from a reptile distributor in New Hampshire and housed in an off-exhibit holding area. In early May 1999, a caiman lizard (lizard 6) that had been obtained from a private collector in Atlanta, Georgia (originating from a California reptile importer), was added to the enclosure housing lizards 4 and 5. In mid-May, lizards 4 and 5 were found dead without premonitory clinical signs. Lizard 6 was subsequently examined and found to be thin but was otherwise clinically normal. In late May, lizard 6 was unexpectedly found dead.
Pathology. Complete necropsies were performed on lizards 1, 2, 3, 5, and 6; lizard 4 was in an advanced state of autolysis and was not necropsied. Portions of brain, heart, liver, lung, spleen, kidney, stomach, pancreas, small intestine, and large intestine were collected and fixed in neutral buffered formalin. Tissues were subsequently embedded in paraffin, sectioned at 5-7 m, and stained with hematoxylin and eosin (HE). For electron microscopy, portions of the formalin-fixed lung of lizard 1 were postfixed in 2% osmium tetroxide, dehydrated through graded alcohols, and embedded in Spurr/Epon (1:1) resin. Ultrathin sections were stained with uranyl acetate and lead citrate and examined on a transmission electron microscope. a For lizard 3, formalinfixed lung was minced and transferred to a modified Karnovsky's solution (1% paraformaldehyde, 2% glutaraldehyde in 0.1 M sodium cacodylate with 0.001 M calcium chloride at pH 7.4) overnight at room temperature. Following aldehyde fixation, tissues were rinsed in cacodylate pH 7.4 buffer, postfixed in 2% osmium tetroxide, dehydrated through a graded ethanol series, and embedded in Spurr resin. Ultrathin sections were stained with uranyl acetate and lead citrate and examined on a transmission electron microscope. b Virus isolation. From lizard 1, portions of brain, liver, kidney, and lung were aseptically collected and placed in Dulbecco's minimum essential medium/Ham's F 12 (DMEM/F12) c with streptomycin and amphotericin B and lacking fetal bovine serum (FBS). Tissue was placed in a tissue grinder, and the homogenate was sonicated for 30 sec. The tubes were centrifuged at 290 ϫ g for 10 min, and supernatant was harvested and passed through a 0.2-m filter. One milliliter of supernatant was diluted in 4 ml of DMEM/F12, and the resulting 5-ml solution was placed in a 25-cm 2 flask containing a confluent monolayer of terrpene heart (TH-1) cells d and incubated at 28 C with 5% CO 2 for 1 hr. For each organ, 2 flasks were infected. After 1 hr, the medium in each flask was discarded and replaced with the same medium containing 5% FBS. The other flask was washed 3 times with 1ϫ Hanks' balanced salt solution, and DMEM/F12 containing 5% FBS was added to the flask. After 8 passages on TH-1 cells, the virus isolate was inoculated into a monolayer of Vero cells d grown in a T25 flask with DMEM; no FBS was used. Vero cells were incubated at 31 C.
At 9 days of inoculation, TH-1 cells inoculated with brain tissue cultures were fixed in McDowell and Trumps fixative (phosphate buffered 4% formaldehyde-1% gluteraldehyde) overnight at 4 C. The remaining steps were completed at room temperature. Each sample was washed several times in phosphate-buffered saline (PBS), pH 7.2. Postfixation was performed with 1% buffered osmium tetroxide for 1 hr followed by a PBS wash. After several distilled water washes, the samples were dehydrated in a graded ethanol series ending with 100% acetone. Samples were infiltrated in a graded epoxy resin series e for 1 hr each and polymerized in 100% EmBed 812 for 2 days at 60 C. Ultrathin sections (70 nm) were collected on 200-mesh copper grids and poststained with 2% uranyl acetate and lead citrate. Specimens were examined on a transmission electron microscope, a and micrographs were taken. f From lizards 3 and 6, samples of lung were aseptically collected at the time of necropsy and frozen at Ϫ70 C prior to shipment on dry ice to the laboratory of 1 of the authors (DKN). Sections of lung were subsequently transferred to basal medium Eagle c supplemented with 2% FBS and 2% Lglutamine (2% BME) and placed in a tissue grinder. The homogenate was centrifuged at 209 ϫ g for 10 min, and the supernatant was removed and centrifuged at 2,135 ϫ g for 15 min. The supernatant from this sample was passed through a 0.22-m syringe filter g and serially diluted at 1: 10 and 1:100. A 0.1-ml aliquot of undiluted sample and 0.1-ml aliquots of serial dilution samples were inoculated onto monolayers of viper heart cells d in 25-cm 2 tissue culture flasks. The inoculated flasks and a single control uninfected flask were incubated at 28 C for 1 hr. The cells were then fed with 2% BME, incubated at 28 C, and observed daily for cytopathic effects. After observation of cytopathic effects, cells were subjected to 3 freeze-thaw cycles, and alliquots of the culture medium were negatively stained with 2% phosphotungstic acid and examined with a transmission electron microscope. h Immunoperoxidase staining. A polyclonal antibody raised in rabbits against a paramyxovirus isolated from an Aruba Island rattlesnake was used for immunoperoxidase staining as previously described. 8 For immunohistochemical evaluation, 5-m sections of lung from lizard 1 were first adhered to poly-L-lysine-coated slides. Two sections of each block were placed on a single microscope slide. Lung tissue of an Aruba Island rattlesnake with proliferative pneumonia that was challenged with an isolate of OPMV served as the positive control. 10 Infected tissue culture cells, single-well glass chamber slides i also were prepared for immunoperoxidase staining. The chambers were filled with 4 ml of DMEM with antibiotics and antimycotics but lacking FBS. Vero cells were propagated in the chambers and incubated at 31 C with 5% CO 2 . At confluency of the cell monolayer, 200 l of viral suspension derived from lizard 1 was added to each chamber slide and incubated at 31 C. Chamber slides were fixed in ice-cold 10% buffered formalin for 30 sec and air dried as soon as the cell monolayer showed 40-60% cytopathic effects. Slides were then stored in a dark, dry environment until use.
A modification of the avidin-biotinylated horseradish peroxidase macromolecular complex (ABC technique) was used. 7 Endogenous peroxidase was expended in deparaffinized sections and chamber slides by incubation in 3% hydrogen peroxide for 30 min and 5 min, respectively, at room temperature. Nonspecific binding was blocked by incubation with normal horse serum for 30 min at the dilution suggested by the manufacturer. j Rabbit immune serum was diluted in normal horse serum at 1:500. The immune serum was allowed to incubate overnight on treated sections and on cells growing in chamber slides. For histologic material, one section on each slide was incubated with immune serum while the other section was incubated with preimmunization serum. The preimmunization serum served as a negative control. Chamber slides were similarly treated. Following incubation with the immune and negative control sera, slides were washed 3 times in PBS for 10 min each. Detection was completed using a biotinylated goat anti-rabbit antibody kit j following the directions of the manufacturer. Diaminobenzidine (0.05% solution with 0.01% H 2 O 2 in 0.1 M Tris, pH 7.2) was used as the chromogen. Hematoxylin was used as the counterstain.
Serology. At approximately 7 mo following submission of the group IB caiman lizard (lizard 1), blood samples were collected from the ventral coccygeal vessel of the 17 surviving group IA lizards. All lizards were manually restrained and blood was obtained from the ventral tail vein. Plasma was removed and frozen at Ϫ80 C.
The cells and medium in flasks of Vero cells infected with brain homogenate and having maximal syncytia formation were harvested and freeze-thawed twice. Using chicken erythrocytes, the hemagglutination titer of the virus was determined at 4 C as previously described. 13, 18 A hemagglutination inhibition (HI) assay was used to determine the presence of specific anti-virus antibodies based on the ability of the antisera to inhibit viral hemagglutination. 11 In assaying the samples, plasma samples were diluted 1:10 with PBS, and complement was inactivated by placing plasma in a 56 C water bath for 30 min. Nonspecific agglutinins were removed by absorbing the diluted sera with washed and pelleted chicken erythrocytes overnight at 5 C. Serial dilutions (1:10 to 1:1,024) of 0.05 ml of treated serum were made in PBS in a microtiter plate. Eight hemagglutination units of antigen/0.05 ml was added to each well. After incubation at room temperature for 60 min, 0.05 ml of a 0.5% suspension of chicken erythrocytes was added to each well. After 3 hr of incubation at 5 C, the HI titer was read as the reciprocal of the highest dilution of serum that inhibited hemagglutination.
Results
Pathology. At necropsy, lizard 1 had minimal subcutaneous adipose tissue. No coelomic fat bodies were identified and the digestive tract contained very little ingesta. The primary gross lesion was present in the lungs. The cranial half to two-thirds of both lungs were discolored reddish purple, and the caudal portions were pale pink. Both lungs contained yellow/gray mucoid fluid and yellow flocculent material within the central airway (Fig. 1 ). The left lung was more severely affected. The liver was diffusely mottled red/ brown and had smooth borders. Necropsy findings for lizards 2, 3, 5, and 6 were similar to those seen in lizard 1. The only other gross necropsy finding was an adult trematode parasite (unidentified) that was attached to the gastric mucosa of lizard 3.
Histologic changes were similar in all of the lizards examined and consisted of a proliferative heterophilic and histiocytic pneumonia. Within the central lung cavity and in multiple air spaces, there was a moderately cellular histiocytic and heterophilic exudate admixed with low numbers of sloughed epithelial cells, erythrocytes, and rare gram-negative bacteria ( Fig.  2A) . Faveolar septa were expanded by edema and infiltrates of low to moderate numbers of predominantly heterophils, with fewer macrophages and lymphocytes. Similar inflammatory cell infiltrates were present within the submucosal stroma surrounding terminal pulmonary smooth muscle bundles. Diffusely, there was marked hyperplasia and hypertrophy of respiratory epithelial cells (type-2 pneumocyte hyperplasia) lining faveoli, with increased numbers of mitotic figures present and formation of many syncytial cells (Fig. 2B) . Occasional epithelial cells contained 1 or more intracytoplasmic 1-2 m globular to aggregated bright eo- sinophilic hyaline inclusions. Rare epithelial cells were necrotic, characterized by nuclear pyknosis and karyorrhexis and increased cytoplasmic eosinophilia. Moderate numbers of heterophils and fewer lymphoctes and plasma cells were present in the faveolar interstitium. In lizard 1, there was marked proliferation and hypertrophy of pleural mesothelial cells, with scattered binucleate cells and scattered mitotic figures. Rarely, mesothelial cells had cytoplasmic eosinophilic hyaline inclusions.
In the pancreas of lizards 2, 3, 5, and 6, there was a mild to moderate degree of interstitial edema. In lizards 2 and 5, prominent syncytial cells were observed within pancreatic acini. Other histologic findings included trematode ova in the lung, heart, kidney, liver, adrenal gland, stomach, small intestine, and pancreas. These ova were encapsulated by a thin rim of fibrous connective tissue. No trematode ova were associated directly with inflammatory infiltrates in the lung or pancreatic syncytial cells.
Portions of lung from lizards 1 and 3 were examined ultrastructurally for evidence of virus. Viral particles were found most commonly in type II faveolar cells and within the faveolar spaces. Within the cytoplasm, granular amorphous inclusions (Fig. 3A) were com-posed of loosely to densely packed nucleocapsid material ( Fig. 3B ) 10-14 nm in diameter. Membranebound cytoplasmic vacuoles up to 4 m in diameter ( Fig. 3C ) and faveolar spaces (Fig. 3D) contained pleomorphic spherical and tubular forms, 150-390 nm in size. Nucleocapsid material could often be seen in the core of spherical forms (Fig. 3D) .
Virus isolation. The TH-1 cells inoculated with brain, liver, kidney, and lung from lizard 1 showed syncytial cell formation 6-9 days later. After 8 passages in TH-1 cells, supernatant was inoculated into a monolayer of Vero cells, and syncytial cells were seen 2 days later. Electron microscopic evaluation of these cells revealed filamentous forms budding from cell membranes (Fig. 4A, 4B) .
In viper heart cells inoculated with both undiluted and serially diluted lung tissue homogenates from lizards 3 and 6, multiple small syncytia developed. Syncytia were first seen 5 days postinoculation and grew progressively larger until day 10. Negative-staining electron microscopy of culture medium demonstrated abundant filamentous nucleocapsid material with a herringbone structure typical of the Paramyxoviridae (Fig. 5) .
Immunoperoxidase staining. Using a polyclonal an-Virus infection in caiman lizards tibody raised in rabbits against an OPMV, there was positive staining of viral antigen in epithelial cells lining air-ways of lizard 1. Following inoculation of Vero cells with supernatant of infected TH-1 cells, positive staining for viral antigen was also seen in cells showing cytopathic effect. In both lung tissue sections and infected Vero cell monolayers, staining was granular and was focal to diffuse within the cytoplasm.
Serology. Vero cells inoculated with supernatant of infected TH-1 cells (originally infected with brain tissue from lizard 1) developed a hemagglutination titer of 1:64. When this virus was used in an HI assay, plasma samples collected from 17 lizards (group 1B) that survived epidemic I had titers ranging from Ͻ1: 10 to 1:80 (7 had titers of Յ1:20; 10 had titers of Ͼ1: 20 and Յ1:80).
Discussion
Proliferative pneumonias have been reported in reptiles and can result from infection with a variety of pathogens. Proliferative pneumonia has been seen in gopher tortoises (Gopherus polyphemus) with mycoplasma infection 15 and in a radiated tortoise (Geochelone radiata) with intranuclear coccidiosis in pulmonary epithelial cells (Garner MM, et al.: 1998, Proc AAZV and AAWV, pp. 71-73). In snakes, proliferative pneumonias have been seen in inclusion body disease, (Jacobson ER: 1997, Proc ARAV, p. 165), mycoplasmosis, 16 OPMV infection, [10] [11] [12] [13] 17 and reovirus infection. 14 Proliferative pneumonia has been seen also by one of the authors (ERJ) in snakes infected with lungworm (Rhabdias sp.). Determining the causative agent requires specific light microscopic findings and, if necessary, confirmation of the diagnosis using electron microscopy, microbial isolation, immunohistochemical staining, and serology. 9 In the present report, 3 separate epidemics occurred in caiman lizards imported into the USA from Peru. All necropsied lizards had a proliferative interstitial pneumonia that was similar to that seen in snakes with OPMV infection. Using TH-1 cells, viper heart cells, and Vero cells, an agent that hemagglutinated chicken red blood cells and produced syncytial cell formation was isolated from multiple tissues. The highest hemagglutinating titers were in Vero cells grown at 31 C and inoculated with brain homogenates of 1 lizard. Using a rabbit polyclonal antibody against an isolate of OPMV, positive staining was demonstrated in the cy- toplasm of infected Vero cells. Transmission electron microscopy revealed intracytoplasmic inclusions that were composed of nucleocapsid strands. Negative staining electron microscopy of culture medium revealed filamentous nucleocapsid material with a herringbone structure typical of the Paramyxoviridae.
Using rabbit polyclonal antibody against an isolate of OPMV, an immunoperoxidase technique demonstrated viral antigen within pulmonary epithelial cells. By electron microscopy, nucleocapsid strand-containing intracytoplasmic inclusions similar to those seen in infected Vero cells were seen in pulmonary epithelial cells. Virus was seen budding from cell membranes and released into adjacent airways. Virions were compatible in size and morphology with members of the viral family Paramyxoviridae. This represents the first paramyxovirus associated with pulmonary disease in a lizard. Although a paramyxovirus was isolated previously from another lizard (false tegu; Callapistes maculatus) (Ahne W, et al.: 1991, Int Colloq Pathol Med Reptiles Amphib 4:30-31), no gross or microscopic lesions were reported. At 7 months following the initial outbreak, blood samples were collected from the 17 surviving group IA caiman lizards, and presence of antibody against the isolate in this report was determined using an HI assay. 13 Titers ranged from Ͻ1:10 to 1:80. Seven lizards had titers Ͼ1:20. When assaying snake plasma for determining exposure to OPMV, a titer of Ͼ1:20 but Ͻ1:160 is considered in the suspect range (ERJ, personal observation). Because these lizards were sam-pled 7 months following the initial outbreak, the peak antibody response may have been missed. In a zoological collection of snakes experiencing an OPMV outbreak, snakes sampled at 5 months following the death of the first snake showed elevated antibody titers; 3 months later, many snakes sampled had antibody titers of Ͻ1:80. 13 Thus, the HI antibody response does not remain elevated for prolonged periods. More work needs to be done to better define the appropriate cutoff between a positive and negative plasma sample.
This report is the first of epidemics in groups of captive lizards associated with a paramyxovirus infection. The susceptibility of lizards to infection and death from paramyxovirus previously was unknown. The origin of the paramyxovirus in these caiman lizards is unclear. Although these lizards were imported into the USA from Peru, they may have been exposed following collection from the wild in Peru, either from other reptiles in the export facility in Peru or at the reptile importers' facilities in the USA. Further work is needed to understand the relationship of this virus with other reptile paramyxoviruses. Comparisons with snake isolates using both western blot analysis of viral proteins and analyses of the partial L and HN gene sequences is needed to better understand these affinities. Transmission studies are also needed to demonstrate a causal relationship between the isolate and the proliferative pneumonia in these caiman lizards. 
